ABSTRACT
INTRODUCTION
It is well recognised that rubber is not easily biodegradable, thus, recycling methods must be proposed in order to solve the environmental problem [1] [2] [3] . Blending is an easy and cost effective way to produce a new combination of properties. The purpose of blending the rubber is to improve the physical and mechanical properties as well as to modify the processing characteristics and to cheapen the finished products [4] [5] [6] . Recycling of Ethylene Propylene Diene rubber (EPDM) is an interesting topic and linked with the continuous market growth of EPDM. In this respect, waste EPDM was used in an attempt to create value-added rubber materials based on a blend of Natural Rubber (NR) and recycled EPDM. The blending of NR and recycled EPDM was studied previously [4] . However, preferable states of curing and mechanical properties were difficult to attain owing to the differences in the unsaturation levels of NR and recycled EPDM. To widen the focus, enhancing the curing and mechanical properties is a strong challenge for the blends based on NR and recycled EPDM.
Apart from the use of elemental sulphur or sulphur donor for efficient vulcanisation of rubbers, the presence of a metal activator is also necessary [7] . Zinc oxide (ZnO) is the most effective activator for sulphur vulcanisation. Therefore, a large amount of conventional ZnO is used to increase the physical and chemical properties of rubber vulcanisate [7, 8] . To improve the efficiency of ZnO, the replacement of conventional ZnO by the modified materials has been reported in the literature, such as the use of modified layered double hydroxides (LDH) [9] , the manufacturing of zinc-loaded clay with clay as a carrier [8] and the use of ZnO nanoparticles to increase the available surface area [10, 11] .
The latter route is currently believed to offer possibilities to reduce the ZnO content in rubber compounds, but the detailed effect of ZnO nanoparticles in the rubber compounds particularly in the blends containing recycled EPDM has not been reported elsewhere. Therefore, the aim of the present study was to prepare ZnO nanoparticles and to have a thorough investigation of their effects as curing and also reinforcing fillers for NR/Recycled EPDM blends. To improve the dispersion of ZnO nanoparticles, this study also suggests a new route to compound the blends. An aqueous dispersion form of ZnO nanoparticles was prepared and mixed with natural rubber latex (NRL) prior to mixing with other ingredients on a two-roll mill. By applying this method, the homogeneity of the blends was improved and simultaneous improvements in curing and mechanical properties of the blends were also achieved.
EXPERIMENTAL DETAILS

Materials
Natural rubber (SMR 5L grade) was supplied by Mardec Bhd., Selangor, Malaysia. Low ammonia type centrifuged natural rubber latex (LA-TZ type), Bentonite clay, Disodium 2,2'-methylene-bis-naphthalene sulphonate (Tamol) and recycled EPDM were supplied by Zarm Scientific (M) Sdn. Bhd. Penang, Malaysia. Recycled EPDM was subjected to grinding using a table type pulverizing machine manufactured by Rong Tsong Precision Technology Co. Ltd., Taiwan, to yield a range of particle diameters of approximately 10-200 µm. Recycled EPDM was in irregular and rough shapes as it was broken by a mechanical crusher. The specific gravity of the recycled EPDM powder was found to be 1.06 g/cm 3 . The carbon black content in R-EPDM was 29.33%. The physical characteristics of R-EPDM were already reported in our previous study [12] . All the chemicals used to prepare ZnO nanoparticles such as Zinc Nitrate (Zn(NO 3 ) 2 ·6H 2 O) and Sodium Hydroxide (NaOH) were analytical grade chemicals and were purchased from Sigma-Aldrich Co., LLC., USA. The density of ZnO nanoparticles was found to have 1.61 g/cm 3 . The N330-grade carbon black was supplied by Malayan Carbon (M) Ltd., Malaysia. Other compounding ingredients, such as conventional ZnO, stearic acid, N-cyclohexyl-benzothiazylsulphenamide (CBS), and sulphur were purchased from Bayer (M) Ltd.
Synthesis of Zinc Oxide Nanoparticles
The method of synthesising ZnO nanoparticles was modified from the procedure suggested by Wu et al. [13] . As seen in Figure 1 , the synthesis was done by adding 500 ml of 0.5 M Zn(NO 3 ) 2 ·6H 2 O slowly into the 0.5 M NaOH Figure 1 Schematic illustration representing the stages of synthesising ZnO nanoparticles in the flattened bottom flask until fully mixed, then the mixture was agitated vigorously using a mechanical stirrer for another 2 h. At this stage, the precipitation of ZnO was started and allowed to settle down for 24 h. Finally, the white precipitate was filtered using a filter paper (Whatman® general-purpose filter paper) and dried at 80°C for 24 h prior to be used for further steps. The final form of pure ZnO nanoparticles was characterised using TEM and XRD analysis.
Preparation of ZnO Nanoparticles Dispersion
A dispersion form of ZnO nanoparticles was prepared using a mechanical ball mill. The composition of 40% (w/w) of ZnO nanoparticles, 2% (w/w) of Bentonite clay as a colloidal stabiliser, 1% (w/w) of Disodium 2, 2'-methylene-bis-naphthalene sulphonate (Tamol) as a dispersing agent and 57% (w/w) of distilled water as a medium, were added to the jar. Then, the mixture was kept on the ball milling machine for 24 h at the rotational speed of 10 rpm. Finally, the dispersive ZnO nanoparticles were stored in an amber glass bottle to prevent self-photooxidation process.
Preparation of the Blends
Our previous work has reported that the blend ratio at 70/30 (phr/phr) of NR and recycled EPDM provided satisfactory properties. Thus, this blend ratio was selected to further study on the effects of ZnO nanoparticles. Figure 2 illustrates the diagram for the preparation of the blends with respect to control and the blends containing ZnO nanoparticles where the compounding formulations Table 1 . To be identically comparable, the ratio of stearic acid to ZnO in the chemical recipe was maintained at 1:2.5. As for the control blend (see the solid line), the entire amount of additives as well as NR, R-EPDM and conventional ZnO were prepared on a laboratory-sized two-roll-mill (model XK-160) at ambient temperature. The resulting blends were later tested for its curing characteristics using a Monsanto Moving Die Rheometer (MDR 2000). The compounds were subsequently compression-molded using a stainless steel mould at 150°C with a pressure of 10 MPa using a laboratory hot-press based on respectively curing times.
As for the blends containing ZnO nanoparticles (see the dotted line), a new route for incorporating ZnO nanoparticles was introduced in this study. An aqueous dispersion of ZnO nanoparticles was mixed in natural rubber latex (NRL). Later, the compounding mixture was matured for 1 h at room temperature while stirring at 10 rpm. The resulting compound was dried prior to mixing with recycled EPDM, carbon black and other ingredients on the two-roll mill. The final compound was later tested for the curing characteristics using a Monsanto Moving Die Rheometer (MDR 2000) . The compounds were subsequently compression-moulded using a stainless steel mould at 150°C with a pressure of 10 MPa using a laboratory hot-press based on the respective curing times.
Measurements of Curing Characteristics
The curing characteristics of the blends were obtained by using a Monsanto Moving Die Rheometer (MDR 2000), which was used to determine torques, scorching time (ts 2 ) and curing time (tc 90 ) according to ASTM: D2084-11. (tc ts ) (1)
Measurement of Tensile Properties
Dumbbell-shaped samples were cut from the moulded sheets according to ASTM: D412-06a(2013). Tensile tests were performed at a cross-head speed of 500 mm/min. Tensile tests were carried out with a universal tensile machine Instron 3366 to determine the tensile properties such as tensile strength, elongation at break, stress at 100% (M100) and 300% (M300) elongation. The hardness measurements of the samples were done according to ASTM D2240-05(2010) using a manual Shore A type durometer.
Measurement of Swelling Resistance and Cross-Link Density
Swelling tests were done in toluene in accordance to ASTM: D471-12a. Vulcanised test pieces of 30 mm ´ 5 mm ´ 2 mm were weighed using a precision balance and swollen in toluene until equilibrium, which took 72 h at room temperature. The samples were taken out from the toluene. Then, toluene was removed from the samples' surfaces, and the weight was determined. Calculation of the changes of mass was as follows:
where W 1 is the initial mass of specimen (g) and W 2 is the mass of specimen (g) after the immersion in toluene. The swelling results were also used to calculate the molecular weight between cross-links (M c ) by applying the Flory-Rehner Equation [14] .
Where r is the density of the rubber (r of NR = 0.92 g/cm 3 , r of R-EPDM = 1.06 g/cm 3 ), V s is the molar volume of the toluene (V s = 106.4 cm 3 /mol), V r is the volume fraction of the polymer in the swollen specimen, Q m is the weight increase of the blends in toluene and X is the interaction parameter of the
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rubber network-solvent (X of NR = 0.393 and X of R-EPDM = 0.49). The degree of cross-linking density was given by;
Particle Size Distribution
Particles size distribution of conventional ZnO was measured using HELOS Particle Size Analysis, manufactured by Sympatec GmbH System-PartikelTechnik, Germany.
Scanning Electron Microscopy (SEM)
The scanning electron microscope (SEM) model Hitachi Table Top Microscope TM3000 and Zeiss Supra-35VP respectively were used to obtain information on the size of conventional ZnO and the possible presence of micro-defects consecutively. Energy-dispersive X-ray spectroscope (EDX) coupled with the SEM was used to determine the elemental compositions in the blends. The fractured pieces were coated with a layer of gold palladium to eliminate electrostatic charge built-up during examination.
Transmission Electron Microscope (TEM)
The examination of ZnO nanoparticles and their incorporation in natural rubber latex (NRL) was carried out using Transmission Electron Microscope (TEM) with 60-100kV model Philips CM12 equipped with the image analysis Docu version 3.2 with a 4Mpix side-mounted AMT digital camera.
X-Ray Diffraction Analysis (XRD)
The XRD patterns of the blends were recorded by a Bruker Axs model D8 diffractometer. The basal spacing of the ZnO nanoparticles before and after incorporating with NR/Recycled EPDM blends was calculated by using Bragg's law. The Cu K a (l = 1.54060 Å) was applied at 40 kV and 40 mA in combination with a Ni filter. The samples were scanned from 2q = 5-80° at the scanning rate of 0.001 q/s. Figure 3 shows the SEM image and particles size distribution of conventional ZnO. As shown in Figure 3A , the size obtained in SEM image is approximately in the range of 900-1000 nm and the particles were various geometrical shapes or irregular shapes. The particle size distribution of conventional ZnO (see Figure 3B) shows that the sizes are well-distributed ranging in-between 0.66-29.16 µm. The size distribution is broadened with a median size of 1.76 µm. The important point to be noted is that the result obtained from SEM observation was in good agreement with the median particle size determined by a particle size analyser. Thereafter, it can be confirmed that the particle size of the conventional ZnO has a size not less than 900 nm. The TEM images of ZnO nanoparticles are shown in Figure 4 . It is clearly visible that ZnO nanoparticles have dimensions ranging from 10-40 nm and are significantly smaller than of conventional ZnO, It can be also observed that ZnO nanoparticles are in spherical and elongated shapes (see Figure 4A ), indicating that a high reinforcement can be attained by incorporating ZnO nanoparticles. The TEM image of ZnO nanoparticles identified isolated particle and aggregations or agglomerations were rarely found. This is due to the modified method of synthesising ZnO nanoparticles shown earlier in Figure 1 . In addition, TEM image in Figure 4B was also taken in the attempt to show the dispersion of ZnO nanoparticles in natural rubber latex (NRL). The dispersion of ZnO nanoparticles was seen to be good throughout the matrix, which was facilitated by the NRL. Well-dispersed ZnO nanoparticles in the NRL can be extensively explained by the new route of preparing the blends. In the synthesis of ZnO nanoparticles, the final medium was an aqueous alkaline due to the use of NaOH and distilled water. Later, the dispersion of ZnO nanoparticles was mixed with NRL which was also stabilised in an aqueous and alkaline medium. According to the theory of mixing of foreign materials with NRL [15] , the chemical compatibility together with the stabilizing system is highly important to have a homogenous mixer.
RESULTS AND DISCUSSION
Morphology and Particle Size Analysis of ZnO
X-Ray Diffraction Analysis (XRD)
XRD technique is frequently used to determine the crystal structures, crystal parameters and the crystallite's size of the materials [16] . In this work, XRD technique was used to prove the presence of ZnO crystal phase in the blends containing ZnO nanoparticles. As for the pure ZnO nanoparticles (the uppermost peak depicted in Figure 5 ), it can be seen that the peak pattern perfectly matches with the reference code of 98-002-8871, corresponding to the hexagonal crystal phase of the Zincite compound. The significant patterns were also shown in the blends containing ZnO nanoparticles where the peaks perfectly matched with the peak of pure ZnO nanoparticles. This suggests that ZnO nanoparticles were well-dispersed and consisted of a highly ordered structure Figure 5 X-ray diffraction patterns of purely synthesized ZnO nanoparticles and its incorporation at 1.25, 2.5 and 5 phr in the blends. In this regard, the reference code observed for the blends containing ZnO nanoparticles was 98-010-7920, which was responsible to the hexagonal phase of Zincite compound. In addition, the peak intensity of the blends was increased apparently with the addition of ZnO nanoparticles, owing to the high crystallinity of ZnO nanoparticles in the blends where the peak intensity was more pronounced at higher loadings of ZnO nanoparticles. Table 2 shows the effects of ZnO nanoparticles contents on the curing characteristics of the blends. The minimum torque (M L ) is increased by increasing the loadings of ZnO nanoparticles where the equivalent value to conventional ZnO is observed at the loadings of 5 phr. M L is commonly considered to be a representative of the uncured stock's elastic modulus and also provides valuable information about the compound's processability [17] . It is clear that a better processability of the blends is observed when a lower content of ZnO nanoparticles is incorporated. However, a poor processability is found at higher loadings of ZnO nanoparticles. This behaviour was likewise explored in various studies on the incorporation of rigid fillers in rubber vulcanisates [17] [18] . Subsequently, it has affected the plasticity of the unvulcanised elastomeric composition, making the compound stiffer and less processability. Maximum torque (M H ) is a measurement of the stiffness or shear modulus of completely vulcanised test specimens at the curing temperature. M H is increased consistently with increasing the loadings of ZnO nanoparticles where it is considerably more pronounced than with the conventional ZnO at the loading of 3.75 phr. Increments of M H correlate to the increasing restriction of molecular motion within the macromolecules and tend to reduce resistance to flow [18] . At loadings beyond 3.75 phr, the homogenous dispersion of ZnO nanoparticles within the blending matrix is highly responsible for the higher M H observed in the blends.
Curing Characteristics
A similar finding was also observed for torque difference (M H -M L ), which is a measure of the difference of the shear modulus between a fully vulcanised and non-vulcanised specimen [19] . The blends containing ZnO nanoparticles disclosed a superior performance over the conventional ZnO. This clearly suggests that the decrease in the dimension of ZnO nanoparticles had improved the stiffness of the blends as well as the interfacial adhesion between ZnO nanoparticles and the matrix. Sahoo et al. [11] provided a possible explaination that the reduction in dimension of ZnO could form an activation complex with sulphur accelerator and rubber during the vulcanisation reaction. This leads to the formation of an increased number of cross-links, indicating that a better state of curing together with a higher degree of cross-linking was gained when ZnO nanoparticles are incorporated. Scorch (ts 2 ) and curing times (tc 90 ) are the measures of premature vulcanisation and the optimum vulcanisation process of the vulcanisates consecutively [18] . According to the data given in Table 2 , it is clear that the ts 2 , tc 90 and curing rate index (CRI) of the blends containing ZnO nanoparticles are shorter than those of conventional ZnO. It is evident that the blends were efficiently cured by a low content of ZnO nanoparticles. The blends containing ZnO nanoparticles showed a faster curing in all cases when compared to a conventional ZnO system. This indicates that a better state of cure was obviously achieved due to a better interaction of ZnO nanoparticles within the rubber matrix. Roy et al. [20] suggested that the higher specific surface area of ZnO nanoparticles is clearly responsible for the effective formation of the zinc accelerator complex. ZnO nanopraticles reacted very quickly with stearic acid and the accelerator and thereby quickened the formation of Zinc accelerator complex due to the greater specific surface area of ZnO nanoparticles compared to conventional micro sized ZnO. This resulting complex then reacted with sulphur or sulphur donor to produce the active sulphurating agent which was very active to give greater cross links [8] . Thus, the larger surface area of ZnO nanoparticles compared to conventional ZnO, accelerates the rate of formation of Zinc accelerator complex via the reaction of nano ZnO with stearic acid and accelerator.
It was also observed that both ts 2 and tc 90 increased gradually with the increasing of ZnO nanoparticles. Such an increment in the ts 2 and tc 90 was due to acidity of ZnO nanoparticles. As described by Heideman et al. [21] , the acidity of ZnO is the main factor that determines the efficacy of the vulcanisation process of the rubber compound. A high tendency to acidity together with a higher content of ZnO nanoparticles can cause a retardation of the accelerator's activity, which slows down the sulphur vulcanising reaction, leading to a gradual increase in ts 2 and tc 90 .
Tensile and Hardness Properties
The tensile properties of the blends are listed in Table 3 . The modulus at 100% (M100) and 300% (M300) of strain are increased gradually with increasing ZnO nanoparticles. As more ZnO nanoparticles are incorporated into the blends, the elasticity of the rubber is reduced, resulting in more rigid, stiffer, and harder vulcanisates. Furthermore, the increment of tensile modulus with increasing ZnO nanoparticles is most likely due to the effect of strain amplification. This was substantiated by the rigid phase of ZnO at the tested temperature, which could not be deformed. As a consequence, the intrinsic strain of the polymer matrix was higher than the external strain, yielding an independent strain contribution to the modulus, or so-called hydrodynamic effect [22] . However, at the similar ZnO loadings, the blend containing ZnO nanoparticles disclosed slightly lower tensile modulus. This can be described according to the perspective reported by Fu et al. [23] . They discussed that the modulus is related to the stiffness of the filler itself or their geometries. As highlighted in Figure 4 , ZnO nanoparticles are spherical and elongated shapes, so they can soften the blend and lower the stiffness of the vulcanisate. Similar demonstrations were described elsewhere [24, 25] , suggesting that the modulus of the composites was not only influenced by a filler's particle size but also dependent on the stiffness and the geometry of the fillers itself.
Tensile strength of the blends containing ZnO nanoparticles was improved up to 2.5 phr and then reduced slightly upon the addition of ZnO nanoparticles. This can happen based on two different reasons; one is supposed to indicate by a relatively high elastic modulus of ZnO nanoparticles, arising from their spherical and elongated shapes and results in a better interaction between the blends and the filler. Another probable reason is a result of the new compounding technique used in this study. Applying this technique resulted in a higher tensile strength. Well-dispersed ZnO nanoparticles were strongly responsible for the improvement of stress transfer between the matrix and the filler. It is interesting to highlight that the tensile strength was higher compared to conventional ZnO even at the loadings beyond 2.5 phr of ZnO nanoparticles. This is associated with the previously mentioned effect on the surface area of ZnO nanoparticles. It is one of the important aspects in reinforcing fillers because the particles Table 3 Tensile with larger surface areas increase the interfacial adhesion of the vulcanisates. Subsequently, the enhancement of this interaction improves the wetting and adhesion of the rubber to the filler and allows better stress transfer in the blends [18, 26] . In addition, the reduction in tensile strength with loadings beyond 2.5 phr of ZnO nanoparticles was likely due to the dilution effect [27] . When more ZnO nanoparticles are integrated into the blends, the ZnO nanoparticles tend to interact with each other, known as filler-filler interaction. Another reason is the incompetence of ZnO nanoparticles to encourage stress transferred from the elastomeric phase and the agglomeration of ZnO nanoparticles, which can be seen in the results of SEM micrographs in next section. Incorporating ZnO nanoparticles into NR/Recycled EPDM blends clearly exhibited higher elongation at break than conventional ZnO while it showed decreasing trend over the increment of ZnO nanoparticles. Considerable improvement of elongation at break compared to conventional ZnO was simply due to the larger surface area and the softer nature of ZnO nanoparticles which led to a better interfacial interaction between ZnO nanoparticles and the blends. The homogenous dispersion of ZnO nanoparticles inside the NR obtained from latex mixture was also responsible for the higher ductility of the blends.
The decrement in elongation at break when increasing ZnO nanoparticles is substantiated by higher stiffness and modulus as seen in Table 3 . It has been elucidated elsewhere [17] [18] 23] that the elongation at break is an inverse function of tensile modulus. The characteristics which improve modulus, also act to reduce the elongation at break. The hardness results of the blends are increased with increasing ZnO nanoparticles where the blends exhibited a significant value at the loading of 3.75 phr. The hardness mainly indicates the stiffness of the vulcanisate upon static testing (non-destructive testing). The results obtained for the hardness clearly corresponded to the maximum torque and torque differences observed in the preceding section.
Swelling Resistance and Cross-Link Density
The swelling resistance and cross-link density of the blends containing conventional ZnO and ZnO nanoparticles are also tabulated in Table 3 . It is known that the swelling resistance is directly correlated to the cross-link density of a network chain [28] , where a lower solvent uptake into the blends indicates a higher cross-link density. Here, the swelling resistance of the blends is increased with further increasing of the loadings of ZnO nanoparticles where the blend at the 3.75 phr of ZnO nanoparticles is sufficient to gain a swelling result equivalent to a conventional ZnO compound. The observations made in swelling studies further support the earlier findings in maximum torque and torque differences. The improvement of interfacial interaction, arising from the smaller size and larger surface area of ZnO nanoparticles is significantly responsible for the greater cross-link density. Kim et al. [10] also reported that the effective formation of zinc complex among an accelerator, sulphur and the matrix could be acquired when smaller size and higher surface area of ZnO nanoparticles were used, providing the rubber with a greater cross-link density. Figure 6 illustrates the tensile fractured surfaces of the blends containing conventional ZnO and ZnO nanoparticles. The micro-fractured surfaces obtained from SEM results are significantly in agreement with the results on tensile strength of the blends. A number of tearing lines and rough surfaces were observed in the control blends ( Figure 6A ), indicating that more energy is needed to break the sample. However, the rougher surface and a number of tear lines together with some layers are more pronounced and visible in the blends containing 1.25 and 2.5 phr of ZnO nanoparticles ( Figures 6B and 6C) . The sample had altered the crack path, which led to more resistance for crack propagation, hence it resulted in a higher tensile strength or an improved tensile strength. The development of a micro-fractured surface of this blend might be attributed to higher interfacial interaction which was formed after ZnO nanoparticles were incorporated. These findings substantiated the above-mentioned results related to the improvement rendered by the incorporation of ZnO nanoparticles into the blends. Furthermore, the micro-fractured surface of the blends tended to be smoother when the addition of ZnO nanoparticles was beyond 2.5 phr (Figures 6D and 6E) . The reduction in tearing lines towards a high content of ZnO nanoparticles corresponds to the results of the tensile strength which indicate that a lower energy is required to initiate the crack or to reduce the ability of the matrix to deform when subjected to strain. Similar observations were reported on the changes of fractured surfaces with the addition of fillers in natural rubber composites [3, [17] [18] .
Micro-Fractured Surfaces
To capture good images of the filler dispersion, higher magnifications (30,000´) of SEM images were also analysed and are illustrated in Figures 7(A-D) . Figures 7A and 7B , the ZnO nanoparticles are dispersed homogenously in the rubber matrix, confirming that using the new route of compounding has resulted in a better dispersion. The homogeneity of the blends is significantly improved, especially with loadings up to 2.5 phr. Well-dispersed ZnO nanoparticle were responsible for the improved tensile strength. However, when higher loadings of ZnO nanoparticles were incorporated (see Figures 7C  and 7D) , the agglomeration and the detachment of ZnO nanoparticles occurred due to the strong filler-filler interaction in the blends. This requires to a less energy to initiate the failure in the vulcanisates. Figure 8 shows an elemental analysis by Energy Dispersive X-Ray (EDX) for the blends containing 2.5 and Figure 8 Elemental analysis of the blends containing 2.5 phr (top) and 5 phr (bottom) of ZnO nanoparticles (10,000´ and 50,000× magnifications respectively) Effect of ZnO nanoparticles on the simultaneous improvement in curing and mechanical 5 phr of ZnO nanoparticles respectively. It is clear that the prominent peak is due to elemental ZnO adsorbed into the rubber blends.
As highlighted in
CONCLUSIONS
The following conclusion can be drawn as follows:
1 Spherical and elongated shapes of ZnO nanoparticles were synthesised by bottom up approach via homogeneous precipitation method. They were found to have no impurities and have a dimension ranging from 10-40 nm. 2 As for the XRD patterns, it can be seen that the peak pattern for the blends containing ZnO nanoparticles perfectly matches with the reference code of 98-010-7920, which was responsible to the hexagonal phase of Zincite compound. 3 Incorporating ZnO nanoparticles into the blends had positive effects on the curing process by showing shorter scorching and curing times for the blends. This is associated with the higher surface area and smaller size of ZnO nanoparticles. It also improved the maximum torque, torque differences and tensile strength of the blends where the optimum tensile strength was foundto be at the loading of 2.5 phr.
